In this study, a series of new 5-phenylazo-6-aminouracil dyes were prepared by linking m-,p-nitroaniline, m-,p-chloroaniline, m-,p-anisidine, m-,p-toluidine, m-,p-cyanoaniline, p-ethoxyaniline, p-phenoxyaniline, p-ethylaniline, p-acetamidoaniline, p-acetylaniline, p-carboxyaniline and aniline to 6-aminouracil. The prepared dyes were characterized by UV-vis, FT-IR, 1 H NMR spectroscopic techniques and elemental analysis. The effect of acid and base upon the UV-vis spectra of these dyes were investigated. In addition, the solvatochromic behaviors and substituent effects in various solvents were evaluated.
Introduction
Among organic molecules, nitrogen heterocycles are well-known to take special place as pharmaceuticals. The pyrimidine nucleus was the key feature of various drugs. Pyrimidine dyes are used as hypnotic drugs for the nervous system [1] , in detecting cancer, as chemotherapeutic agents, and are involved in the structure of nucleic acids in living cells [2] . In addition, some pyrimidine derivatives have biological and pharmacological activities [3] [4] [5] [6] . Uracil is a very important class of pyrimidine. It has presented a class of dyes that continually attracts organic chemists, medicinal chemists and photobiologists [7, 8] . Some uracil derivatives exhibited significant pharmacological activity and have been used as antitumor, antibacterial, and antiviral drugs. Fluorouracil is an anticancer agent, and thioderivatives of 5-nitrouracil has shown antibacterial activity. 5-Nitrouracil has been known to inhibit thymidine phosphorylase [9] . 5-Cinnamoyl-6-aminouracil derivatives have been investigated as anticancer agents [10] . Moreover, 6-Aminouracils found a wide application as starting materials for the synthesis of many fused uracils of biological significance, for example, pyrano-, pyrido-, pyrazolo-, pyrimido-, pyridazino-pyrimidines [11] . Therefore, uracils are very important for application in organic synthesis, and its derivatives can be used as coupling component in the dye industry. Azo dyes represent the largest group of disperse dyes in textile industry, which are used in the dyeing of synthetic fibres. In addition, some azo dyes were the most widely used in various fields, such as high-technological systems, the coloring of different materials, colored plastics and polymers, biological-medical studies and advanced organic synthesis [12] [13] [14] [15] [16] [17] [18] [19] [20] . Synthesis and properties of some azopyrimidines and their complexes were described in several publications [21] [22] [23] [24] . In our study, we focused on the synthesis of phenylazo-6-aminouracil derivatives (1-17), and the investigation of the spectral properties of these prepared dyes. The effects of solvent and acid-base on their visible absorption spectra were evaluated.
Synthesis, characterization and spectroscopic properties of some new phenylazo-6-aminouracil
Experimental

General
The chemicals used in the synthesis of all dyes were obtained from Aldrich Chemical Company and were used without further purification. The solvents used were spectroscopic grade. IR spectra were recorded on a Mattson 1000 FT-IR spectrophotometer in KBr.
1 H NMR spectra were recorded on a Bruker-Spectrospin Avance DPX 400 MHz Ultra-Shield in DMSO-d 6 and CDCl 3 with TMS as internal reference. Chemical shifts are expressed in δ units (ppm). Ultraviolet-visible (UVvis) absorption spectra were recorded on Analytikjena Specord 200 Spectrophotometer at the wavelength of maximum absorption (λ max ) in range of solvents, i.e. Dimethylsulfoxide (DMSO), dimethylformamide (DMF), acetonitrile, methanol, acetic acid and chloroform. Change of λ max was investigated when 0.1 mL piperidine was added to 1 mL dye solutions in chloroform, DMSO and DMF, similarly, when 0.1 mL base (potassium hydroxide, 0.1 M) or 0.1 mL acid (hydrochloric acid, 0.1 M) was added to 1 mL dye solutions in methanol. All melting points were uncorrected and in o C. Elemental analyses were recorded by TUBITAK ATAL Laboratory (Center of Science and Technology Research of Turkey).
Preparation of phenylazo-6-aminouracil dyes (1-17)
Diazotization of various carbocyclic amines was effected with HCl and NaNO 2 . A typical procedure, using aniline, is described below; all other dyes were prepared in a similar manner. The obtained dyes were purified by crystallization in ethanol and then analyzed. The characterization data is shown below.
Preparation of 5-phenylazo-6-aminouracil (1)
Aniline (2 mmol, 0.19 g) was dissolved in 1.5 mL of concentrated HCl and 4 mL of water. The solution was cooled down in a salt/ice bath, and then a cold solution of NaNO 2 (2 mmol, 0.15 g) in 3 mL of water was added in a dropwise manner with constant stirring. The resulting diazonium salt was cooled in a salt/ice bath. 6-Aminouracil (2 mmol, 0.25 g) was dissolved in a dilute KOH solution and cooled in salt/ice bath, and then the cold diazonium solution was added to this cooled solution in a dropwise manner with constant stirring. The solution was stirred at 0-5 o C for 1 h. and the pH of the reaction mixture was maintained at 4-6 by the simultaneous addition of a saturated sodium acetate solution. The mixture was the stirred for 1 h. at 5 o C. 
Preparation of 5-(4-carboxyphenylazo)-6-aminouracil (5)
Preparation of 5-(4-methylphenylazo)-6-aminouracil (7)
This dye was obtained from 4-methylaniline and 6-aminouracil as dark yellow crystals (yield: 0. 
Preparation of 5-(4-ethoxyphenylazo)-6-aminouracil (8)
Preparation of 5-(4-phenoxyphenylazo)-6-aminouracil (11)
Preparation of 5-(4-acetamidophenylazo)-6-aminouracil (12)
Preparation of 5-(3-cyanophenylazo)-6-aminouracil (14)
This dye was obtained from 3-aminobenzonitrile and 
Preparation of 5-(3-methoxyphenylazo)-6-aminouracil (17)
This dye was obtained from 3-methoxyaniline and 
Results and Discussion
3.1.
H NMR and IR study
The 5-phenylazo-6-aminouracils were prepared by coupling 6-aminouracil with diazotized aniline derivatives (Scheme 1). Dyes (1-17) were obtained generally in excellent yields (65-84%); the structures of these dyes were verified by elemental analysis and by spectroscopic methods (FT-IR and 1 H NMR). Physical and spectral data of the dyes prepared are given in the experimental section. The dyes may exist in five tautomeric forms, as shown in Scheme 2. The infrared spectra of the dyes 1-17 (in KBr) showed broad bands within the range 3474 to 3150 cm -1 , due to -NH 2 band of the uracil ring [25, 26] . In addition, the FT-IR spectra showed a band within the range 3217 to 3127 cm -1 , which was assigned to the ring amide (-NH [27] , and a broad singlet at 8.33-7.86 ppm assigned to the 6-amino group (-NH 2 ). Tautomeric hydrazone (-NH) and tautomeric imine (-NH) were recorded as broad singlets at 14.28-14.06 ppm and 8.51-7.28 ppm, respectively. It was reported that the hydrazone -NH proton resonance appears approximately between 13.0-16.0 ppm, in oand p-hydroxyazo dyes [28, 29] . Dyes 2-4, 8, 14 and 15 did not show the tautomeric hydrazone peak. These results show that some dyes may exist predominantly as the hydrazone-imine form (IV) in solution.
Solvent effect on absorption spectra of dyes in various solvents
Since the tautomeric equlibria strongly depend on the nature of media, the behaviour of phenylazouracil dyes in various solvents was studied, and also the effect of acid and base on the absorption spectra of dyes was investigated. For this purpose, the absorption spectra of phenylazo-6-aminouracil dyes (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) were measured in various solvents at a concentration of approximately 10 -6 -10 -8 M and were run at different concentrations. The dyes were not fully dissolved, and any insoluble material in all solvents was filtered off. Some dyes were slightly solubility in chloroform. Therefore, more dilute solutions were prepared, and it was found in all cases that λ max was unaffected by the dye concentration. The stock solutions of each dye were accurately prepared, and dilutions of these stocks were used for absorption measurements over a concentration range taking into account solubility and absorbance. The results are given in Table 1 . Dyes 1, 3-5 and 15 showed single absorption maximum in DMSO, DMF, acetonitrile and methanol. In these same solvents, the other dyes (2, 6-14, 16 and 17) showed two absorption maxima or one absorption maximum with a shoulder. It can be suggested that dyes 1, 3-5 and 15 were predominantly in the single tautomeric form (Fig. 1) and the other dyes were in the mixture of tautomeric form in these solvents. As shown in Table 1 , with the introduction of a strong electronaccepting nitro group into the benzene ring (dye 2), the tautomeric equilibria (azo-hydrazone or anion) shifts to long wavelength in DMSO and DMF (Fig. 2) . In addition, the dye 2 showed tautomeric equilibria in acetonitrile and had single or twin isosbestic point. The absorption curves of dye 2 almost pass through an isosbestic point approximately, 444 nm characteristic of equilibria. This equilibria may exist between the tautomeric forms (azo and hydrazone) or between one tautomeric form and the anionic form. The absorption band in the methanol+KOH was at the middle of the isosbestic point (Fig. 2) . In general, if the solvent dipole moment increases, the λ max shifts to the bathochromic region (or red). This is because the excited state is more stable than the ground state with the increased solvent dipole moment [30] . In our study, we used the solvents which have different dipole moments, such as DMSO (46.45), DMF (36.71), acetonitrile (35.94), methanol (32.66), acetic acid (6.17) and chloroform (4.81) [31] . It was observed that the λ max values of some dyes prepared (1, 5, 7-12 and 15-17) showed larger bathochromic shifts in acetic acid than in high polar solvents, e.g DMSO and DMF, as shown in Table 1 . These large bathochromic shifts in proton-donating acetic acid were considered due to intermolecular hydrogen bonding between dye molecules and acetic acid, which are capable of stabilizing the ground state of the dyes leading to a resultant bathochromic shift (for dye 1, λ max is 390 nm in DMSO, 380 nm in CHCl 3 , 408 nm in acetic acid; for dye 8, 416 nm in DMSO, 400 nm in CHCl 3 , 450 nm in acetic acid; for dye 15, 393 nm in DMSO, 371 nm in CHCl 3 , 405 nm in acetic acid). In addition, the λ max of dyes 2-4, 6-7 and 11-15 showed a bathochromic shift in DMSO and DMF relative to acetonitrile, chloroform and methanol (for dye 2, Δλ max = 97 nm in DMSO, Δλ max = 95 nm in DMF relative to CHCl 3 , for dye 4, Δλ max = 59 nm in DMSO, Δλ max = 15 nm in DMF relative to acetonitrile). The effects of the acid and base on the absorption maxima of the dye solutions were investigated and the results are shown in Table 2 . It was observed that the absorption curves of the dyes were a little sensitive to acid and bases. The λ max of dyes showed a small bathochromic shift when 0.1 M KOH was added to each of the dye solutions in methanol except for dyes 1, 5, 7, 8, 10, 14, 16, and 17. A typical example was shown in Fig. 3 (for dye 2 Δλ max = 39 nm, for dye 14 Δλ max = 8 nm in methanol+KOH relative to methanol). The λ max of dyes 3, 11 and 13 did not change significantly when 0.1 M KOH was added to each of the dye solutions in methanol. The absorption spectra of all dyes prepared changed significantly when a small amount piperidine was added to each of the dye solutions in DMSO, DMF and chloroform except for dye 2 (for dye 3, Δλ max = +39 nm in DMF+piperidine relative to DMF, for dye 13, Δλ max = +10 nm in DMF+piperidine relative to DMF). In addition, there was no significant change in the spectra of dyes 2-4 when a small amount of piperidine was added to their solutions in DMSO. This indicates that dyes 2-4 exist in a dissociated state in DMSO. These results are in agreement with those obtained for hetarylazoquinolines [22] in our previous work. Therefore, the structures of the dyes prepared (2-4) were assigned to the common anion form in basic medium and in DMSO. These results show that they could be ionized even in a proton-accepting solvent. In some dyes, two absorption maxima or one absorption maxima with a shoulder were observed when a small amount piperidine was added to this solution. Two absorption maxima or one absorption maximum with a shoulder may exist between the tautomeric forms and anionic form. For example, dye 16 showed one absorption band in DMF and two absorption maxima in DMF + piperidine (for dye 16, λ max = 380 nm in DMF and λ max = 388, 404 nm DMF+piperidine). On the other hand, the absorption spectra of all dyes in methanol showed a bathochromic shift when 0.1 M HCl was added to each of the dye solutions in methanol except of dye 2 (for dye 6 Δλ max = 24 nm, for dye 11 Δλ max = 51 nm, for dye 12 Δλ max = 27 nm in methanol+HCl relative to methanol). The absorption curves of the dyes resembled those in acetic acid. A typical example is shown in Fig. 4. 
Substituent effect on absorption spectra of dyes in various solvents
The differences in the absorption spectra for the dye solutions can be assessed in terms of the dye structures. Details of the visible absorption spectra of azopyrimidine dyes containing electron-accepting substituents and electron-donating substituents are shown in Table 1 . It is well known that λ max values tend to be related to the strength of the electronic power in the benzenoid system. The introduction of electron-accepting groups, such as -NO 2 , -CN in the para position of the benzene ring results in a significant bathochromic shift in DMSO and DMF (for dye 1 λ max = 390 nm; dye 2 λ max = 497 nm; dye 3 λ max = 442 nm; dye 8 λ max = 416 nm; dye 7 λ max = 404 nm in DMSO). The λ max shifted bathochromic in DMSO relative to other solvents with the introduction of the electron-accepting nitro(m-) group to the benzene ring (Fig. 4) (for dye 2 Δλ max = 107 nm relative to dye 1 in DMSO and Δλ max = 20 nm in CHCl 3 , for dye 3 Δλ max = 52 nm relative to dye 1 in DMSO and Δλ max = 18 nm in CHCl 3 ). In addition, two absorption maxima were observed in DMSO but one dominant absorption maximum was observed in other solvents (for dye 13, Δλ max = 43 nm in DMSO, Δλ max = 13 nm in DMF relative to CHCl 3 ). The λ max of the dyes did not change significantly when electron-donating groups (p-and m-) were introduced to the benzene ring. However, when these groups were introduced to the benzene ring, the λ max showed more bathochromic shift in the acetic acid relative to other substituents (for dye 7 Δλ max = 21 nm relative to dye 6 in acetic acid, for dye 10 Δλ max = 33 nm relative to dye 4 in acetic acid, for dye 8 Δλ max = 42 nm relative to dye 2 in acetic acid, for dye 17 Δλ max = 20 nm relative to dye 13 in acetic acid).
Conclusion
In our study, we have synthesized azo dyes derived from 6-aminouracil and various aniline derivatives. The solvatochromic behaviors and substituent effects in various solvents were evaluated. In addition, when the, electron-accepting, -NO 2 and -CN groups were introduced at the para position of the benzene ring, the λ max was shifted bathochromic in all solvents used. It was observed that the absorption curves of the dyes were a little sensitive to acid and base. As a result, the dyes prepared can be applied to polyester fabrics as disperse dye. In addition, the dyes were used as ligands for complex formation with some metal cations.
